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"A river is more than an amenity, it is a treasure, it 
offers a necessity of life that must he rationed among 
those who have power over it," 1 


INTRODUCTION 


The Anacostia River, a branch of the Potomac, flows in the eastern part of the 
District of Columbia, and in adjacent suburban Prince George's and Montgomery 
Counties, H is in many ways a prototype of the urban stream showing severe' 
ecological imbalances resulting from intensive and unplanned land use and the 
general impact of, technology. 

In a real sense too the Anacostia is a "peoples river" in that the 993,0<)0 inhabi- 
tants qI its basin (Jaworskt, Clark, and Feigner, 1970) largely have low to 
intermediate incomes and a low degree of mobility so that they depend critically 
on the river for vet reatioa and general environmental quality, Jt is thus an area 
in which environmental and social problems meet. 



Except for certain headwater tributaries the ecological stale; of the Anacostia is 
a dismal one. Although the basin is not heavily industrialized it is affected by a 
wide variety of biological, chemical and physical pollution. Many headwater and 
lute rst ream areas are eroding at catastrophic rates, and are loosing their re- 
maining top soil and vegetative cover because of unplanned land development,. 
Even within the nubile parks we see much evidence of poor watershed manage- 









3, The piecemeal and narrow planning and execution of public and private 
agencies in relation to land and water use. This point is particularly 
well- illustrated by the hydrologic practices of the public agencies. 



This paper is a preliminary repo it of an investigation now in progress. Although 
considerable attention has recently been given to biological (sewage) pollution 
("Potomac water Quality," J969; Jaworski et al«, Jb?0) in the Anacostia basic, 
it is our objective here to pinpoint sources of less well known physical and 
chemical pollutants and poor lend use end hydrologic practices. We also niter 
suggestions for further pollution documentation and remedies which may foe 
undertaken by private and ; uMic ngmicop, Jt L* our feeling that the emerging 
picture of the deteriorating environment in the Anacostia Valley and some 
remedies we suggest will have meaning for other urban rivers. 


PHYSICAL SETTING 



The Anacostia Basin, a 184 mi* (477 km') area, lies on the boundary' between 
two physiographic provinces, the deeply weathered crystalline piedmont to the 
northwest and the semi consolidated coastal plain sedimentary region to the csu*t. 
The main stem and the major tributaries are associated with Quaternary stream 
channel deposits of the Wicomico formation upstream and with the recent 
alluvium deposits of the Pamlico formation in the estuary region. Much of the 
latter deposit resulted from the historic agricultural and urban erosion period. 
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lyptoiu oi ilw eusiuru hm xivoad v v Iwe'cyLioss . r e area's oi Hood }.uau; wrier 
c ginaily crnsm.-ed of open u uiej but ar e now covered • the Pamlico formation. 
Only human , has prevented afforestation of these areas. It is apparent 
that the original flood plain • res* played an important role not only in the 
regioaa 1 c - scheme but also as a regulator oi climate (Hcif snyder and 

Lull, 1965) and in the regimen • • the stream itself. In particular, the flood 
plain vegetation acted as a trap for sediments transported during Hoods through 
the resistance It created which slowed the water enough to ‘.nr- about deposi- 
tion. As a result the waters flowed more slowly to the Potomac estuary than at 
the ■present time and much soil which might otherwise have been lost to the sea 
was trapped lor the enrichment of the region. It Is interesting that these flood 
plain soils are today being exploited as a source lor top soil in iirban residential 
development, lIow:evt*i% greatly increased erosion rates of the agricultural and 
uilteii period have swamped the plants with the same sterile subsoils which 
also . re clogging the estuary, In this great volume of sediments such topsoils 
ns are still available lor erosion are tost by dilution. 


The hydrologic and other physical characteristics of the Anacoslia basin depend 
greatly on climatic factors. Because the regional rainfall is in excess of 40 
inches (1,02 meters) per year and because much of this precipitation falls in 
summer thunderstorms .the discharge in cubic feet per second of streams as well 
its their erosion- sedit 'lentati on capabilities vary widely m time (Darling, 1962). 
For example at the gauging station of the Northeast Branch at . . : the 

discharge has ; known to vary by a factor of 2000 in lorty-oight hoars. 





Biological poUuanls from sewage I save received extensive study and documenta- 
tion (Jaworski el al., I . • • : however \vy shall not be primarily concerned with 
these biological polluantH here since our ob ective is to draw td , to She 

less well known ljul perhaps equally imports sit physical amt chemical pollutants. 




at a rate of some 89,000 tons ml yr~ J (34,363 tons kni" 4 yr~ } ). 

As an illustration of erosion from a highly exposed area of high relief in the 
Aiiacostia Basin we may refer to the ■ lx li area cm the Indian Creek 

watershed and lying mostly within the municipality of GrecnbcU, Mary land, The 
area in question lies just north of Greenbelt Road and extends north along the edge 
of the Indian Creek flood plain . Cloy fill obtained from this area ana deposited 
on the Indian Creek flood plain :« also included. The areas in question are almost 

completely bare of vegetation and largely consist of uneonsoli dated clays and 
sills of Patapsco (including the Arundel clay) formation. Bare clay hills be- 
tween 50 and 100 ft (15 and 36 meters) in height show gullies more than G ft (2 
meters) deep (Fig, 1), Examination of this basin and the V. S, Gcoiosftcal survey 
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This figure is of the same order of magnitude aa that f the Virginia land re- 
ferred to earlier. Since the area of the Oreenbelt exposure is about 1/5 mi 2 
the above figure indicate.-; that the Greenbell area alone could contribute of the 
order of 10,000 tons or about 8, Out) cubic yards yr" s of silt to the Anacostia 
River and the estuary. 

In the case of the Green!*? It area most of the silt is eroded and transported during 
times of heavy rains during which it finds its way down storm drains to Indian 
Creek, Ai such times : Crook and the entire Anacostia "run red” with tho 

characteristic red clay. At such times also the large volume of silt and clay 
swamps tiie many other pollutants which are so apparent during low and average 
flow. 


Many of tho most common types of physical and chemical pollutants from Indus- 






per r.ccondt ("Water Resources U»L‘i for Maryland and Delaware," 1968) . However 
the minimum and maximum discharges observed during this time were l.-l cfs 
(0.01 cius) and JO, 000 els (297 eins) respectively. The minimum discharge, which 
occurred on Sept. II, 1966 was followed by a 3,300 els (99 . ms) discharge less 
than IS hours later ("Water Resources Data for Maryland and Delaware 1969). 
Hitch largo variations in discharge correspond to increases in mean velocity by 
many factors, at the Kiverdale Station. Velocities at localized points within the 
channel would be increased oven more, flow these velocity- changes- effect the 
transporting power with respect to solid debris may be estimated by considering 
that the tractive and drag forces on such debris is comprised of components 
which are proportional to the velocity on one hand and proportional to the square 
of the velocity on the other (Bmun and Lackey-, 1962). Since the u active force is 
proportional to the particle diameter of the particle which can just be moved, 
and since the mass of a particle is proportional to the cube of its diameter, the 
velocity squared component indicates that the mass of o. particle which can be 
transported may at times vary as the sixth power of the velocity. Although 
this is the theoretical maximum in transporting power it does show what is 
possible with a given increase in velocity. Thus for example, if the velocity 
were increased by a factor of 10 the mass moved might be increased by as much 
as 1 0 6 . 

Of course much of the solid industrial v. „ste does not move directly downstream 
but is deposited on the flood plain who re jfc creates local pollution problems. 

Where concrete is deposited on the flood plain before it sets, us in many instances 
at the Branehviik- location (Fig, 5;, it impart re the water absorbing capacity of the 
soil and brings about more rapid run-off into the stream. Also in this case toe 
cement particles are loosened t v aeil leaching (as we show later) and trans- 
ported directly- into the stream. This illustrates the point that flood plains which 
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apparent that by tbe principles of hydrology 
carried down river and are cither deposited 


these materials sue eventually 
the flood plain? or in the estuary. 


The extent to which those disohod materials may enter the aquifer • the Patuxent 


formation is unknown at present. 


If is an important point, alluded to above, that the solid debris from industrial 
and commercial activities bar effect:; far beyond its i n s i g h d mechani- 

cal effects such as obstruction of navigation. By its decay and dissolution noxious 
chemicals may tic released and find their way into drink ins- water and biological 
food chains, Kven concrete which Is sometimes regarded as .-v i< . inert 
may have a significant effects on the pH of natural waters. Our observations 
show that when large volumes of concrete arc in contact with relative! \ small 
amounts o r water natural pH values of $.5 may tv* raised to 7,5 jnore. We 
find that although Ca (OH), (calcium hydroxide) is a prominent component of 
cement, its distinctive x-ray pattern is usually missing iron; concrete debris y 
which has been in contact with natural waters. It is well known that Ca >H|, 
reacts with acid waters and makes them more alkaline. Similarly it has or 
been xhowii (Gustafson, 1970) that such tor 'e organic compounds as polychlorinated 
biphenyls (PCB'S) emanate from decaying solid wastes which contain plastics. 

It has been demonstrated that those compounds are highly concentrated from 
natural waters by marine food chains. 



Another highly toxic constituent of solid wastes is cadmium. ••• • and 

hjM'rht (3970; found that this metal is present in certain automobile t; re? - <m- 


ra tionk i nging from 20-90 ppm . Ar m in to their < :• i>eri men* r. 


inrt.cd 


saw within the .it Basin, Cd-fiearir.g i.»a x tides < ir?? sou no; ; • : 
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shown mi enhanced oil slick 



Branchville sand and gravel works. Our investigations show that this oil comes 
at least in part from waste oi' which is deposited on the flood plain in the form 
of discarded oil containers, oily rags used in wipiTig-mach inert and similar ma- 
terials. Examples of commercial sources of oil pollution are to be i'oun*! on 
G reenhelt Road where service station operators dispose of waste oil directly 


down storm drains leading to Indian Creek. In addition to such willful acts, 


much oil pollution also steins from the accumulated drippings from private and 
public vehicles on highways and in extensive parking lots, such as those of the 
Greenbeit shopping area;. Oil from these sources may he observed emerging 
from a storm drain on the south side of Greenbeit Road just to the east of 


Indian Creek, This oil forms prominent slicks during limes of low or moderate 
water flow and has conspicuously stained the concrete of the drain (Fig. 7). 


The oil pollution which emamtos 


from the above sources along Indian Creek may 


he traced downstream, along the Northeast Branch, and along the Anacostia at 
Bladensburg, Maryland and beyond. Lit time of low to moderate water flow a 
strong odor of hydrocarbons may be detected and continuous oil Micks are present 
along the bank (Fig, 8). These oil slicks are so continuous that they apparently 
exclude the bank ass a habitat for frogs, since none wore ever observed by us. 


However the Anacostia River at Bladensburg does have a murder of species of 
fish that are able to survive the multiple pollutants. Among these arc catfish 
which are sought by the local inhabitants for food. 


Because of widespread use of pesticide 
basin, residues of the latter of necessity 
August 5 to 11, land detected no chlorim 
Plains Sewage disposal effluent (Jaworsi 


in the urban and suburban region of the 
reach the river, A test conducted during 
ted hydrocarbon pesticides in the Blue 
i, 196S). The detection limits lor 


most of these compounds is in the range of 5 to 2i> nanogr-ums 




bus lieyn greatly increased by the large ureas covered In- pavement and build- 
ings as well as a storm drain system which is designed to speed run-off. M- 
*.! iucji reforestation consequent to the decline of a.u riel. Imre bus somewhat com- 
penstiunl i hear effects oi urbanization, it r perhaps significant that the lowest 
discharge in -.{Sirs at the ttivcrdalu gauging station ooeuired in liWjfi. little 
effort juts been mark’ to protect some c: > ;<i steep interatveam areas and Hood 
plrdii. which have recently imome suhioct to ip • ■ g of their natural vt {.ela- 
tion, For example the flow ol Jndian Crock and its natural flood plain haw been 
constricted a»«! otherwise encroached ujvm both by (he pollutants referred to 
earlier and by till materials south of Greenheii Hoad. On other parts of the 
iosxt plain of the Northeast Branch downstream from Riverdale there is no 
flood plain forest on the recently deposited Pamlico formation. Even on public 
park land adjacent to this flood plain the natural understory and ground cover have 
been destroyed ami the area reseeded to grass so that the areas are subject to 
excessively last run-off and erosion (Fig, 8). This results from the unsuitability 
of gr ass as ground cover when compared to indigeous vegetation. If, is interest- 
ing: thai in many instances?, such vs that illustrated in Fig; 9. run-off is facilitated 
by public agencies even in areas where there arc* no adverse effects of local 
flooding. This shows what a deeply ingrained part of public policy is the rapid 
evacuation of wa to r , 

it is iipfcrepting to compare run-off from t.„e t hree following classes of ground 
cover: 1) The ordinary grass sod referred to earlier, 2) Indigenous forest gtound 
cover and :p Managed vegetativ e ground cover with water holding prope.-lies 
comparable U* indigenous ground cover. While it is true tl.at water loss through 
transpiration effects is less fur grass than ioi* the forest ground eov i . it icust 
b**'kept in rn iml that far more water is retained by the forest ground cover than 
bv tin* grass v. 'iii.fi replaces t. Tints forest lard is more of Hr lent th.» i s<v} in 
recharging the ground water v-'hich foods streams, Oonseijuontiv the iriuigenous 


is a I letter stream flow regulator 
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A factor which farther increases the rate of run-off is the practice of the public 
agencies in straightening and par ing tributary streams and ditches which lead 
inic the Anacostia. As an example we may consider the ditch cast o r RiverdaLe, 
Maryland {Fig. 30) which has a gradient of the order of 1 00 ft. per mile <19 meters 
per kilometer). Although such stream modifications have been introduced to 
alleviate local flooding they can result in unforeseen effects downstream. Thus 
we need only consider (hat when water attains high velocities on a resistant 
(paved) bed it acquires a large potential to do erosive work. Although the kinetic 
energy engendered does no work while the water flows on the paved bed, it does 
when the rapidly moving water reaches the main stream with silty tanks and 
bed such as characterize the Anacostia. The result is that the banks and bod 
arc rapidly eroded and the material is transported downstream and deposited 
in the estuary. The effects of such erosion may be seen in numerous caving 
hanks along the stream (Fig, U). Thus what is gained in flood protection upstream 
may be more than compensated for by increased erosion rates in the mala stream 
and consequent silting of tin' channel and estuary. It is interesting that because 
of such hydrologic practices silting of the channel and estuary would continue 
even it all erosion upstream could lx; halted. 

Temporarily solving a local flooding problem by cone reting to increase the 
volume and speed of the runoff can also create downstream flooding problems. 

At times the ine- eased flow ran not be contained at the next bond in the stream 
and paving, flood control relief will telegraph a similar problem further down- 
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For example., besides the large Burns of money that are spent for construction . 
of stream projec ts, a continuing' cost is being incurred for sediment removal. 
The Army Corps oi Engineers maintains the flood control and navigation channel 
in the Anacoslia River from the foot of l"»ih Street, S. K., Washington, I), C, to 
the vicinity of Bladensburg, Maryland, Since channel construction in 1959 the 
following maintenance sums have been spent to remove sediments. 


Table 1 

Volume and Cost . Sediment Removal on the Anacostia 
{Reynolds. 1971) 



Fiscal Year 


Cubic Yards Removed 


Cost- 


1901 


116,700 


$132,703 


1964 

1967 

1970 


100,247 $ 95,900 
135,256 $136,375 
83,300 $ 84,139 


We have seen that the sediment source In southwestern Greenbeit is estimated 
to contribute of the order of la, 000 tons of sediment to the Anacoslia each year. 
In terms of the cost of removal shown in Table 1, sediments from this source 
cost the public of the order of $10,000 per year. 


SUMMARY AND CONCLUSIONS 









(a) That a comprehensive ecological study of the- basin he undertaken, 

(b) That a program of afforestation and establishment of Indigeous ground 

cover on flood plains be - : a 

(e) That a program of sou r; . and land reclamation i>e undertaken 





We urge particularly that the re 
forth in the it: studies by 

merit of Interior ("The Potomac 


• • : i s W: •. m ; r ••.••: wiffi 
,}. H. Cumberland 1 and the. C, 
- A Model Estuary.” id/dt. 
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F if are 8, Oil slick on bonk alon^ the Northeast Branch of the Anaccsf ki K-vpr near 

thickly coats the bonk mod and extends orvto ??-*? water 




F iqure 


9. Flood plain along the Northeast Branch of the 
Maryland. The grass covered surface is subject 


Anatosfic River south Rtyerdale, 
to erosion from sheet wash. 









